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1. INTRODUCTION 
2. MATERIALS AND METHODS 
Adherence of pathogenic bacteria to epithelial 
surfaces is considered an important first step' in in- 
fective processes. In the case of Escherichia coli, 
hair-like structures at the surface of the cell, re- 
ferred to as fimbriae or pili are supposedly in- 
volved in the adhesion process. These fimbriae 
possess lectin-like activities and may hemaggluti- 
nate erythrocytes of different animal species. The 
carbohydrate structure a-D-Galp(l-4)-fl-D-Galp 
constitutes the active portion of receptors on both 
human erythrocytes and uroepithelial cells for 
fimbriae of most pyelonephritic strains [1] while 
fimbriated strains of enterotoxigenic E. coli recog- 
nize GM2-gangliosides and related carbohydrate 
structures on epithelial cells in the intestine [2]. 
It is possible that pathogenic bacteria adhere to 
and colonize not only the epithelial cells but also 
the basement membrane underlaying the cells. 
Basement membranes may be of particulate im- 
portance in the infective process of bacteria pro- 
ducing cytolytic toxins. A lysis of epithelial cells 
would be accompanied by an exposure of the base- 
ment membrane. Here, we report that strains of 
uropathogenic E. coli bind to the basement mem- 
brane protein laminin. Laminin, which is a glyco- 
protein with Mr - 900 000 [3] serves as a substrate 
mediating the attachment and spreading of dif- 
ferent eucaryotic cells [4-7]. 
* To whom correspondence should be addressed 
Fibronectin was purified from human plasma [8] 
and laminin from the [3] mouse EHS (Engelbreth- 
Holm-Swarm) tumor. The proteins were labeled 
using the chloramine T method [9]. Egg albumin, 
al-acid--glycoprotein, bovine serum albumin and 
bovine IgG were purchased from Sigma (St Louis 
MO). Fibrinogen was obtained from AB KABI 
(Stockholm) and Percoll from Pharmacia Fine 
Chemicals (Uppsala). 
Staphylococcus aureus, strain Cowan 1, was 
cultured in Trypticase Soy Broth for 18 h at 37°C. 
Escherichia coli strains F8, F9, F10, F12 and F13 
isolated from urinary tract infections were kindly 
provided by Drs F. and I. Orskov, Statens Serum- 
institut (Copenhagen). The bacteria were grown in 
Trypticase Soy Broth (Difco) for 24 h at 37°C. 
Bacteria were harvested by centrifugation (600 x g, 
15 min, 20°C) suspended and washed twice in PBS 
(0.13 M NaC1, 0.02% sodium azide, 10 mM phos- 
phate buffer (pH 7.4). Cells were then suspended 
in PBS and used for binding experiments. 
The method used for quantitating the binding of 
125I-labeled proteins to bacteria will be described 
in detail elsewhere. In short, 3 × 109-10 l0 bacte- 
ria were incubated with 2 × 105 cpm of the radio- 
labeled proteins and 1.0 ml of PBS containing 0.1% 
bovine serum albumin (final vol. 1.2 ml). The 
tubes containing the incubation mixtures were fit- 
ted onto a mixer with a rotating axis and incubated 
end-over-end at room temperature for the indi- 
cated periods of time. Subsequently, 200/~1 of the 
incubation mixture was carefully added to 0.5 ml 
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PBS layered on top of 3 ml Percoll in PBS 
(l.020g/ml). The samples were centrifuged at 
1300 x g for 15 min in a swinging bucket rotor. 
During centrifugation, bacteria sedimented 
through the gradient medium and formed a pellet 
at the tip of the tube, whereas the incubation me- 
dium remained as a layer on top of the Percoll. 
The supernatants were aspirated off and the radio- 
activity associated with the pellet was quantitated 
in a LKB rack-~, counter. Duplicate samples were 
always analyzed. The plastic tubes used in these 
experiments were all pre-incubated overnight with 
0.1% bovine serum albumin in order to reduce 
non-specific protein binding to the plastic surfaces. 
The number of bacteria/incubation was estimated 
by counting the cells in a Petroff -Hauser cham- 
ber. 
3. RESULTS 
Incubation of E. coli strain F9 with [125I]laminin 
resulted in a binding of the radiolabeled protein to 
the bacteria. The kinetics of the reaction is shown 
in fig.1. The amount of bacteria-bound [125I]lam- 
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Fig.l. Time course of binding of 125I-labeled laminin to 
E. coli strain F9. Live cells of E. coli strain F9 (3 x 109 
cells) were incubated with [1251]laminin (2 x 105 cpm) 
at room temperature for the indicated periods. The 
binding was measured as radioactivity bound to the bac- 
teria after centrifugation. Duplicate samples were 
analyzed as indicated. 
Table 1 
Effect of some proteins as potential inhibitors of 
[I25I]laminin binding to E. coli F9 
Protein f/c Inhibition 
t_Acid_glycoprotein 0.00 
Fibrinogen 1.67 
lgG 0.00 
Fibronectin 8.00 
Egg albumin 4.77 
Laminin 100.00 
Bacteria (3 x 109), [1251]laminin (2 x 105 cpm, spec. act. 
6 x 106 cpm/~tg) and 1 ml PBS containing 0.1% bovine 
serum albumin were incubated in the presence of 150 ~tg 
indicated protein for 3 h at room temperature. After 
centrifugation of the bacteria through a Percoll solution 
the bacteria-bound radioactivity was measured. Radio- 
activity recovered in the bacteria pellet when the assay 
was performed in the absence of potential inhibitors was 
set to 0% inhibition (100% binding) 
inin increased rapidly with time up to -30  min in- 
cubation. Thereafter, the binding proceeded at a 
slower rate up to -3  h, where maximal binding of 
[1251]laminin was reached. 
The binding of [125I]laminin to E. coli strain F9 
was specified in the sense that the presence of 
> 103-fold excess of other unlabeled proteins in- 
cluding egg albumin, cq-acid-glycoprotein, fi- 
brinogen and fibronectin did not inhibit the bind- 
ing of the radiolabeled protein to the bacteria 
(table 1). On the other hand, when unlabeled lami- 
nin was added together with the radioactive deriv- 
ative, the binding of 125I-labeled protein to the 
bacteria was effectively blocked (table 1). Attempts 
to displace [125I]laminin bound to the bacteria by 
subsequently adding unlabeled laminin failed in- 
dicating that binding of [125I]laminin to the bac- 
teria is functionally irreversible. The amounts of 
[125I]laminin that bound to the bacteria increased 
in proportion to the amounts of radiolabeled pro- 
tein added to the incubation mixture. However, 
additions of > 70/xg/sample (corresponding to 
58 ~g/ml) did not result in a further increase in 
[125I]laminin bound to the bacteria (fig.2). These 
results are compatable with the presence of a lim- 
ited number of laminin receptors on the cell sur- 
face. Once these receptors are saturated with 
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Fig.2. Binding of [125I]laminin to bacteria s a function 
of laminin added. Bacteria (2.9 × 109 cells) were incu- 
bated with increasing amounts of [1251]laminin and,the 
radioactivity bound to the cells was determined. For 
each concentration of added [125I]laminin, one assay 
was carried out in absence of bacteria. The mixtures 
were incubated for 3 h and the cells present in 200 ~tl 
suspension were isolated by centrifugation and assayed 
for radioactivity. For further details, see section 2. The 
data shown in the figure represents he mean of dupli- 
cate samples and were obtained after subtraction of the 
appropriate blanks. 
ligand, [125I]laminin can no longer bind to the 
cells. It can be calculated that the number of lami- 
nin receptors is in the order of 125/ce11, provided 
that we assume 900 000 Mr for laminin and that 
the addition of 70 ~g laminin causes a saturation of 
available receptor sites by 0.55 ~g bound laminin/ 
2.9 × 109 cells. 
Laminin is apparently not degraded during in- 
cubation with E. coli as indicated by electropho- 
resis in polyacrylamide gels of [125I]laminin before 
and after 3 h incubation (Lech Switalski, personal 
communication). 
Several strains of E. coli were analyzed for their 
ability to bind [125I]laminin (table 2). The ability to 
bind laminin varied from one strain to another and 
strains that bound no or little laminin could be 
identified. These results indicate that trivial com- 
ponents of the cell wall of the bacteria are not re- 
sponsible for the laminin binding but rather that 
some strains of E. coli contain distinct and specific 
laminin receptors. 
For matter of comparison, the different strains 
Table 2 
Binding of [125I]laminin and [125I]fibronectin to dif- 
ferent strains of E. coli and to S. aureus 
1251 bound relative 125I bound relative 
to E. coli F9 to S. aureus Cowan I 
E. coli 
F9 100.0 4.6 
F10 74.29 1.5 
F8 52.12 8.0 
FI2 19.12 0.0 
F13 17.10 1.8 
S. aureus 
Cowan I 1.31 100.0 
Live cells (3 × 109) were incubated for 3 h at room tem- 
perature with 2 x 105 cpm [125I]laminin or 
[1251]fibronectin a d the amount of radiolabeled protein 
bound to bacteria was determined. The values reported 
are averages of duplicate samples. The binding was cal- 
culated relative to the amounts bound to E. coli strain 
F9 ([125I]laminin) or to S. aureus strain Cowan I 
([1251]fibronectin). A blank value was subtracted from 
each sample 
of E. coli were incubated also with [125 I]fibronectin 
and S. aureus strain Cowan 1 was incubated with 
[125I]fibronectin and [125I]laminin, respectively 
(table 2). In agreement with [10], the Staphylococci 
bind [125I]fibronectin. However, S. aureus did not 
bind [125I]laminin. Furthermore, none of the 
strains of E. coli bound significant amounts of 
[125I]fibronectin. These data suggest hat binding 
of fibronectin and laminin to bacteria involves dis- 
tinct and separate cell surface components. 
4. DISCUSSION 
Here, we report that a strain of E. coli binds 
125I-labeled laminin. The binding is saturable and 
appears to be specific in the sense that the pres- 
ence of unlabeled proteins other than laminin does 
not interfere with the bacteria- laminin interac- 
tion. Furthermore, [125I]laminin did not bind to a 
strain of S. aureus indicating that the laminin 
binding strains of E. coli contain specific structures 
on the cell surface. None of the strains of E. coli 
analyzed bound [125I]fibronectin whereas S. aureus 
Cowan 1, which binds fibronectin, did not bind 
[125I]laminin. 
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Since laminin has been shown to act as an adhe- 
sion factor for eucaryotic ells [4-7] it is tempting 
to speculate that the binding of laminin to E. coli 
represent a mechanism of bacterial adherence. In 
pyelonephritis, where bacteria may adhere to and 
colonize renal basement membranes their binding 
to laminin may be of particular importance. It 
should be noted that in the glomerular basement 
membrane, laminin appears to be directly exposed 
to the capillary lumen [11] where it could serve as a 
substrate for the adherence of bacteria. However, 
the role of taminin in the adherence of pathogenic 
E. coli is speculative and under investigation. 
ACKNOWLEDGEMENTS 
We thank Drs F. and I. Orskov for generously 
providing the strains of E. coli and Dr L.M. 
Switalski for stimulating discussions. This study 
was supported by grants from the Swedish Medical 
Research Council (4723, 05197) and National In- 
stitutes of Health (AM 27807). M.H. is an estab- 
lished investigator f the American Heart Associa- 
tion. 
REFERENCES 
[1] K611enius, G., MNlby, R., Hultberg, H., Svenson, 
S.B. and Winberg, J. (1981) Lancet ii, 866. 
[2] Faris, A., Lindahl, M. and Wadstr/3m, T. (1980) 
FEMS Microbiol. Lett. 7, 265-269. 
[3] Timpl, R., Rohde, H., Robey, R.G., Rennard, S.I., 
Foidart, J.M. and Martin, G.R. (1979) J. Biol. 
Chem. 254, 9933-9937. 
[4 t Terranova, V.P., Rohrbach, D.H. and Martin, G.R. 
(1980) Cell 22, 719-726. 
[5] Johansson, S., Kjell~n, L., H66k, M. and Timpt, R, 
(1981) J. Cell Biol. 90, 260-264. 
I6] Carlsson, R., Engvall, E., Freeman, A. and 
Ruoslahti, E. (1981) Proc. Natl. Acad. Sci. USA 78, 
2403 -2406. 
[7] Couchman, J.R., H~5/Sk, M., Rees, D.A. and Timpt, 
R. (1982) submitted. 
[8] Vuento, M. and Vaherk A. (1979) Biochem. J. 183, 
331-337. 
[9] Hunter, W.M. (1973) in: Handbook of Experimen- 
tal Immunology (Weir, D.H. ed) pp. 17.1-17.36, 
Blackwell, London. 
[10] Kussela, P. (1978) Nature 276, 718-720. 
[11] Madri, J.A., Roll, S.J., Furthmayer, H. and Fodiart, 
J.M. (1980) J. Cell Biol. 86, 6822-6870. 
58 
